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Tfc© author, Edward Cheeter otaohlinc* wee bom oa /iucust 19, 
1920 In Chicago, Illinois* Ho attended Delta Hi£h Cobool, Delta, 
Ohio, groAnatiiig In the class of 1903# Prcn 1933 until 1942 ho 
was e otudent at The Ohio State university, Coin i>u3 , Ohio# In 
June 1942 ho sao orarded the dogroo of Bachelor of CbODical East- 
neorinc froo that institution* Xseoo&iately feilaTinr, graduation 
tsm The Ohio State University, ho mss orderod to octiv© duty in 

tho united States Hcnral Reserve end has continued in that statue 

> 

durinc the past four years* 
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SUELS ItOil JUT PSOPJL IOf? 



Before unfiertrfdnG detailed discussion of tlae fuols for Jot 
propulBion, a description of tbo various types of jot-propalsion 
noehnnicno end tliair ugos is nccooaoyy to nobo clear tho specific 
faol requireocmt® of oaela typo. Arbitrarily, we con classify Jot* 
propolis devices no: 

(1*) IjQCllOtS 

(o.) ©olid propellent® 

(b» } liquid proponents 
( 3 .) Mr*3troen yet® 

(a.) athodyd© 

(b.) irmulso ducts 
(c.) turbojot® 

nxsssss ymm.’&m nm wsjb. mm 

ffeo dint iii^uleiilue feature of vod&atz is that they carry bath 
tbo fuel end tbo caddisii^ ceont dtb uhlflfe. tbo fuel i® burned. 

Tbostsol Jet rochets using solid fool® sro used to assist in 
tbo tc&o-off of flying boots end load pi cues and also cro epod 
to launch the H bnsffi-bcob” typo of nissilo. Tbo units develop a 
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high thrust for a short tins, but eft or tho reaction la etcrtod 
It cannot bo controlled, /.pplio&tioa to sustained flight lo there- 
fore not sroetloal. lolid-yropellmt xodart® cro aleo useful for 
thr*®t«6 sbcrgos over short dletanooo m in the "bosootea”. 

Control of tfco jot is pooeiblo v&»xi liquid fuels ore sqployod, 
oo In tho coco of the Garraaa il -103 floater* Fuel cad oayecet loot 
only a Sen Blast w If used eciittesou.;ly # but actually the L-n-103 
ocn etty in the oir for e oonsidorablc tins by soaring end Riding, 
using the tt'smcl jet only in chert spwrts. .eight of tho expaip- 
oant io light la proportion to tho po.sor vfcich con bo dovoloped; 
tb© only equipRsat is storage tonhe for the fad* esxss to deliver 
fuel to th© tenors, and tho canbustion ohedber end nosalo. 2 

Rochet projectiles, os dlstincaiehod from aircraft, con ndca 
aseh mro effective use of the thcirual jot* Mrcraft which depend 
on rings for support or® United in speed, tfcilo a projeotilo cm 
novo inch faster than tho speed of sound and eae attain high pro- 
pulsive efficiency a* the roebofc approaches tho Jot spool. Rochets 
©ted soon to hears their chief application for flight above th© 
eteosphoro, on in the osso of the V-2 benb, or for possible intar- 
plaaetoiy travel* with prosant fuels, tho of propellant 

nocoseary to talre a roofcet projectile beyond tho influence of th® 
earth’s ersar ity •would hero to be nearly aiacty eight per cent of 
the initial total \jsicht, .hca fuola c«?a develop®! tfdeh utilise 
otcnic onercy, it will bo poosible to irpreve this figure greatly." 
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ecnopal cborsctoriotie of air stream jets is that tbs 
£ropulsivo css is taken la fron the surrounding ©tnosphore, hearted 
Tiy a burning hydrocarbon, cad then exhausted at a higher valoolty 
than that at srhich it entered# 

One of thses, the cthodfrd, is a suitably shaped duct e<joippod 
Tdth fuel burners rihiob, instead of using a oor^reecor, relioo cn 
ren car. 'pooeion. **1-0 heated cos is exhausted at a higher vcGLooity 
than the t at vfatch it outers , tboroby producing a net reactive force# 
*' n ai^Plcno eo equipped a» t necessarily be launebod by axsll iery 
aaom to provide ran pressure# 

Th© impulse duet or intermittent jot angino, life* the ethodyd, 
quires no eoepressor# "Ec^layod in the mm m V-l flying beck 
end cl so produced in this country, the unit is airily a tube about 
tm feet lone ’Kith a series of cheek valves at the front end end 
open at the roar- It operates on cn infcerrdttcnt cyelo with a 
limited amounts o*. compression resulting from the 'periodic surr-o 
at tlm* bask cud forth in tho tube, uhleh resanatos libs an organ 
pipe* fuel is inject od into tho air cs it etrocno past tho cheek 
vclvoc v&ilo the 21 cs 30 is surging to the roar* when tho fleas sinvoe 
forward c cola, the pressure rise eloooe tho ebook vnlvoo end tho 
nixturo explodes" # e 

'^seh oizvstrocn jot encine of tho above types hots a character- 
ictic eoabinntlm of fuel ecoaoqy, M# > sp ee d perfo sreaeo, end 
type cf construction that adapt© it to certain applications# Tbeanal 
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©fficiemcioe or© probably not over two per cent, but tho unit® 
tcick about eno-third of & pound per boroooovusr and vxe in- 
enponcivo in construction* r 7hay ero striotly ©zpendahls rmd con- 
cogently appear to havo epplieetion only 00 dssilaa* "Th* otr 
otrooa typo of jot Buffers a decrooco in thruot etc the operating 
Gltitudo isercuooe bccanoo tlso naoa of tiro air ht^>PLod decreases 
w *«i UsXjroaciny rii* density • Cbus a unit ihet t-olivora a t^tcci ft tts , 
of ono tJxjueaad pounds thrust at sea level et g speed nay 

bo eoQccrfcgd to deliver only about two tateed end fifty pounds 
t: rust ct forty tfcoueend feet, possibly loss* bocaueo of fixed 
Iosjos end operating difficulties, Micro air density is euffie- 
iezrt for cstisfestozy operation, end at roasoasblo epaocto, 000b 
of these two types of thornol jet engins* i© swab saore oeomoiaal 
in fuel erpemliiruro than is tho rocket variety,*^ 

2n the turoejet, tlio catering cir ie ccnyrossod by a rorirjry 
ea 5 s?e«ior # heated by the occ&usfeias of fuel ert om^eemoT proeeure 
rdoaood throng e <ps turbine that drives the 
tl.cn ejected at biejh, velocity throes tho reaim* directed csbnist 
noaalc, Its ®cln use 1* in eirplencs, 

XISTO MKMP HtfcmXtffSS 

Ocrcrol checlesl systm for usa as liruid fuels in the pro- 
piicion of rsoketa ^soro studied is, Oossijjny during tho roe out war* 
"Gelestie* of tljo ©LecieeOs *ma node vary largely on the -round 
of availability rather then desirability. Lech, eyatoa bad two 
ocin constituents, m oxidising econt end a fuel. The eonstituonto 
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reacted c?ienicnlly in a ccrtwstion cberjber ©t 30-40 etnoepheroe 
pres euro. The products of combustion drove tho roclret by posa- 
in?, out throne# i © Jot. 

"The principal oxidising omenta considered wero 93-100 per 
cent aitrio cold with 5-10 per cent ctron^ sulfuric odd pddod, 
liquid oxyren, which cos difficult to handle, 30-35 jysr cent hydro- 
cen peroxide with or without sodium or anlcim perooncenate, end 
ccn&Blun nitrato. The principal facia considered wero nethaaol, 
ethanol, hydrazine hydrate, hydrazine ulus iaather/31, 5? per cent 
sylidcno plus 47 pee* cant tri-cthylanino , B-Sydrcuyquiriolino, f «p- 
furyl alcohol, vinyl ethyl ether, Gasoline, diesel oil, Gptol (a 
hydrogenated lignite tar fraction), end Errul (« mixture of Optol, 
tetrahydrofuran, furfuzyl alcohol, and anil lac) • 

"1 few raano-fucl systems were also studied , The*© included 
GO-33 per cost methyl nitrato in methanol, msoniin nitrate plus 
trsaonia, trronia end nitrous oxide, and totra-niti’cxosthene plus 
a solution of 8-!3ydio^rqtJlaolino in 80-06 por cent hydrogen per- 
csido.-. Ecae of those woo ever dovolopod to the point of lance 
code application, ocas being too dangerous and nano uaavtdlcblo 
under war-timo conditions, The first mixture etbevo woo considered 
the moot pramisirr. 

n vmt of the rochet d actually used tror© pro rolled either by 
a combination of liquid oxyjgoa and nothenol or ethanol, or by raised 
acid (3-10 p ear cant sulfuric acid plus 95-90 per cent nitric acid) 
with on osidlzcblc substance. In the case of the 7-2 rochet, tho 
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starting cycle v* 3 M in three steps* Tirst* poraeaganato reacted 
with hydrogen percndd© Giving cupeAsatod oteea Aish drove a tur- 
bine connected to tho pumps. The pisnp® deliver hydrogen peroxido 
cad hydrasine hydr at® in nethonol oolutioa to tho eoobustion 
chanbor, tfccro en instantaneous, strongly exothexEis reaction oc- 
currod* Wbm the roaotion ohen' o, r bestaas hot oncrash* the peenrn- 
genoto rn& perozide Abut off autoonticolly cod tbs rochet drive 
was token over by tbs liquid oxygen-olcoliol eccMnation* 'This 
Gyrates v&b elso usod, in principle* in experimental torpoloc rod 
tsns angina tested for the tredlcss propulsion of snabr/irinoe for 
high opeod under water* 

"la connection with tho rochet proems* the met important 

of tho chcnicale produced on a largo Deal© for tho first tire ocas 

» 

concentrated hyOrocen porozide* Tho usual 50*36 per '"•ant earner- 
elol colutiono rrsdo by tho potessiun persulphate* crsoonii n persul- 
phate cad persu3.phario acid processes roes brought up to 02-56 peer 
cent strength by vewen concentration in two eteges* In tho first* 
the solution vjos vaporised continuously frea a rotort nointained 
at 73 per cent concentration and the vapors* after passing through 
a separator* woro fractionally condensed in a scrubbing toner ea 
a G5 per cent product* This 65 per cent product was then fed into 
a eocoad retort wiitefc was mititainod at GO-35 per cent* Tho vapors 
\3ore again fractionally condensed and the condensate returned to 
tho retort, fresn which tho finished product ms overflowed# If 
c pociolly puro eolation was required, the product »sa dream off 
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the bottom of tho saxubbcr. Acidity vac adjusted with pbospliorie 
ecid. The product was of very hi# purity end stability, oae 
plcsot had a capacity of ©00 metric tone per month; a aeeocd plant 
bed e capacity of 1,300 tons per month; end a third pi mat w-a 
under construction with a projected capacity of 3,100 tons. 

"The non-oloetrolytic processes wore baing investigated be- 
ccsudq of the shortage of platinum end atainleoa oteol. Ono was 
based on tho passage of hydrogen end osygen through a silent eloc- 
trio diccharce. Tho other woe baaed on the reduction with hydrocoa 
of onthrequinone to 2-ethyl 3bodro-tmtlirao.uinorio , followed 

by oxidation to 2-cthyl isntha^uinooe end hydrogen peroxide. Pilot 
pi onto had been operated on both processes end a largo plant far 
the 2-othyl anthra^atoone process was under construction in spite 
of explosion hasards encountered la tho pilot plant." 3 * 0 

In the united States, dofinito progre^e has boon rado Sa minod 
rool^ot-craft utilising liquid propellents. a recent /my /dr rare© 
Fair at Tright Field had on exhibition tho 6,000 pound throat 
^C/X2-*^-8,000 and tho 3,000 pound throat XdO/U)— 3,000 units en- 
veloped by the , crojet Xtigiueorinc Corporation for the A ray Air 
Foroo. Darning & epontanoousjy coa&uatible fixture of cniliao 
end red ftclng nitric ecld, tbsco power plants may well ploy a 
lance part in future military aircraft design* 3 

The Gemma Jaltor 100-509, propelling unit of the : 0-163, 
also hnown m the US-009, uses hydrogen peroxide (05 per cent 
concentrate) cad methyl alcohol cs propellents. A 50 per cant 
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solution of bydrasino bydrato is e out slued la tine i othanol to 
initiate (sodbustlcas upon exiing in contact with the peroxide. 

Use of this chaniesl reaction to ©mse spontaneous ocrin>»tlon cf 
the propellents elizalnotos need for on olootrlcol icnitioa eyotscu 
lower output is controllable b 7 a tbrottlo in tfca coalpit# ottir^a 
of the lcmxp era «cff% "Idling"* end three ata<300 of potror, vary- 
ing fron. cn ectfcjoted $50 poinds thrust in low* to 0,000 poinds 
thrust in the high poae r eottlng* Guo largo fuaslage tank end 
two cnall coehpit tenba oontela £70 gallons of the syrupy hydroeon 
poroxido* cud 130 collans of hydrete-ostfeeaei solution ere carried 
in the msc tastes. The fuel food ayeten i© vary sixailsr to tlict 
used in the V~2, A portion of tho peroxide Is drawn off end &o- 
3<aupoae& to drive a turbine on a ca^m shaft with two mrzwbypo 
propellent punpo* Tho at can producer is a porcelain lined preoouro 
vossoi containing a wire screen on which or© distributed pellets 
of caloirn (or potassium) pemeagcsialMg, Feeding a ctroai of per- 
oxide over this catalytic cccnt results in violent decomposition 
into supeafcssisd steen end niww oxygen* Thooo recultonts oro 
piped to the turbine noszle# and* after spinning tho rotor* ro 
sodieustod throng g rectangular wests nosralo below tho fuoelogo* 3 
♦’The responsibility of developing en /saericoa ©emterpart 
of the Cornea T*1 end a netbod of launching was cosicnod to the 
Aj/sf Air Force* ',:tth the invasion of the Hosmady coast* © coo-* 
plots Gar-son launching oyoten wco captured* diancntlod* shipped* 
end ro-croctcd ct Kglin Fiold, Florida* Tho Gorneno used tho 



liquid thmlma. propellent© 30-CO per oont fcyOrocon peroxide cmA 

calc 1 \n per iw^unato or ©odivn p awmmftiiRii ie solutions, tittle 

Tics Jjo® of the characteristics of faytoee t ii peroxide cboro 00 

per cent concentration or of satiefoetory method* of noaufe^ture, 

, rd stores*. ChcrcLcul bertfaro errico was roquostod 

to unlcrtcix this dovolojneat cad initiated the '.'rod 'rojeot with 

tt0 Cpocific 3-^tod to the lQinotos of the Or rorcoe 

JT-C flying bo±t, 

"A prelird;Eiy Imrtlcttloa led to tHo conclusion that tlxoo 
liquid chcnioal propellant should bo instigated atom- 

too^ly, acaely, hydrogen .coi^xido-po^rmcaiiato, o^aitraaotbtsno 
end fmiac nitric aoid-e«Uine. As developed leter, only tho first 
n^oten m.3 found to be MisfMesy for fcrsediato uso, 

* indicate a wide reeage of condition© undee* 

^ ich ocfo and *sxx*sfui operation eta bo achieved. ?&> poano- 
GE5at0 =ust cute tho rotor before or at least et tho erno tins 
m * J0 ®® rox ^ a ** eroxido-sfrtWMingmiutD concentrations &ca 5 to 
S3 per cent pernoaganatc ion hare been encceesfully uood with tJido 
varieties, in the ratio of poreidc to psaaBassast* votes* The 
developed pressure is center and its duration longer with the 
&^C3wkp gqqc&&1s3>?+* &obcj of p<sro^ido* w ^ 

1 ' ‘ ^ ! ~ lcrt -l a ' C® o* ho*,? to handle, ©tore, and e!aip hydir>* 
cen Poroxido of we then DO per cent concentration neceositatod 
the studies of sr&obility sad oorrooion of concentrated i^irocen 
peroxide esd ealsftm perjMngme*. Comereiel stool tarw uoro 
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fourxi .*tl-fu5tory tor ohinaent ad tongs of p©- .».•/ . t , # 03 . 

U3o wioh eonce. tinted (00 to -0 ■». writ) peroxl*, an ^ 
ro ciro! proceed! t & ^lag by tea acid r ml Jollowed usually by a 
paroxiuo •JOi-’ * ftor cuch cc^-Aiti jniii , lym.* alualirijw 90*6 pop 
cent pluo, £durJUia^rusi^oiun alloy * tia-» ant, alum, cortniin, cad 
Cv~inl<iji: tfU' _tl .ypa» J04 - 06 epe u aitfble ai/*criel8 of cc». ujtrja- 

tlon for prococ^ e$ui paent ; syrex cad »3wal^n 09*.; per cent, j lua 
cro eioicfcctcxy for ozjvc^q ouet*liMt*« Larosool cad polyo .nylen© 
(-I'D fcaiocblo for CT~ ot ra. tci’iniu* wili^cr® gmi*© is s tiefuetory 
cs a lubricant wad do»a not affoct p#* Ida* Hie ct ability of 
peroald© is • i iirre**© function of tl» axftsnft of Iruritiaa pro- 
Of the sterilising «> it a investigated, jtraijfccfree r>lvc 
boclr roeultr; but -above a cartels cementation, additional 
CAjonSuis losses. o tho ruto of Cecoo^ve^itioriv Oacocntivfcod peroxide 
cu3£sot. b© "detcaetal 1 * by -bocZ: unless or nia arteritis nl.*,© rrs 
pnspfat*^ 

ujlid aoa* 

C!io of tii© firoi solid yrep*lX*rsti* used la rockets .vos blncfc 
potiCor containing obout 75 per coat poisseitn nitrate, 15 pci* ccsrfc 
olaroool, cal 10 par* cent sulfur* It ma burned in tho rochet 
rsowOr c.- rJbcr ithoct cirj terrier*, .taro of c i^ucticn boin^ ^xrit 
5,0OC*°f * ^orx3Tcr t daring the period frea X0S5 to 1913, this blreh 
poud-jr propellent bea^u© ohooloto duo to tbs discovery of tsrokolcss 
XxTudec? rdth its kichec? cnarcy content cad tiro aetiaiurgio©! c erence© 
ukich 22 Us.o fcigii strength tubing of relatively low weight evuilablo 
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for u*o ca container* for this newer, core iroworful fuel. 

Early in tho cncpcri^ntal uorfc preliminary to the development 
end production of eolvcntleeo solid propellants for orld cr II 
rochets, it no* rooocniued that a now typo of rocho* powder would 
be required* . t that tine, cnoholose powder to* being rroduood 
taoetly by the solvent process in whieii tho colloiding cation tsfcea 
plcco through the ccticn of a nirfcur© of orecnie solvents that 
ore later reoovod end recovered after the ponder ha* bo'm crsnulatod. 
gblle tho colvent-typ© propellent was ceiisfectoxy in ccrt<dn wea- 
pons li!:o tho n bazocfei w , it did not neot oil of the following ro- 
quirone&ts for a oaticfcctory solid roclxrfc proponent! 

(1.) It nast civ* a relatively long burning tins — a rochet , 
unlike a eko.ll, carries its source of energy «■€ it* 
caubustian oJusribsr wjhile it is in flight * Mtrdtaei vel- 
ocity in obtained by extending tho ii m of application 
cf ga* freeware over es long a period as ncssiblo; this 
in turn hoops down tho weight of lactcl in the cbsrber 
by reducing the pressures that the eh3db«r most at and* 

(S«) It swst bum nt & uaifoat rate— it is oraentiel tfeet 
tho rat* of gas production rassfti steady during t-^o 
entire period of operation* 

(3.) It should be aseteeless* 

(4.) It met ft, motion at relatively lo m pressure — the wall* 

of the rochet motor rauct bo as thin asd li*ht as possiblo, 
to pesult the carrying of the cmlsauK w pcy load- of 
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explosive* in the wsr head. 

(0.) It nu*t function satlofr ctorlly over a wido renro of 
toeparaturaa. 0 

Tho limitations cf tho solvent process pr evented t!*e ueo of 
this netbod of aasRtfacture for the production of ropollozrt units 
ouofe. larger than thoao node for the ^basooha”. It ia difficult 
if not tr possible to rcraovo ell of tlu5 solvent froa large web rroina, 
ULa violates tho second listed roiuircoont , boo u~>e the prooonco 
of nolveat retaen tho bum^nc s»to of the persder end the layer 
eontolninc; the rest solvent io ct the ®re®tawt &l-'tr,uoo Traa a 
surface. ' bile this cat bod prohibited tho uao of propellsmt nrain* 
of lore© croso^soctiona, the srasller croer>«eoct5.aned powder had 
e^vsefcagee in that fee Hit ice voso readily ersildWlo for Deruifucture 
of lore® <p*B,titio» of this typo of pcmOcv end such propellent* 
aith ersell iTObc i rro guMfoar burning a ifeoll robs is an Important 
feature in \*ea#o** lifce the "bacodhs? , in vftjlck b*jsnir<T t» cacsplciod 
in tbs launcher tube, not only to prevent t bo operator fren being 
biwasd by tho flnno, but also to Give iaprovet accuracy to the 
projectile* A iaic>-“>orniriC propellmt s uhtch causes © rochot 
to approach its mflnm velocity boforo it leave,, its launching 
gruide, aids in Improving tho accuracy of a rochot fired fren a 
•tetiMery leimohor, since fins of practice!, else do not exert 
appreciable reetorinG forces on tho projectile exoant at relatively 
hicii velocities.^ 

In secrolilig for a fuel that vjould noot oil of the rocpilrericnta 
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of a rochet propellant, a colloided, solvent less aitrocollulos®- 
nitroslyeerlne propellant was found to be the raost satisfactory. 

Thlo type of zsQtsriel ’Stnad givo a hifh specific lixiulco and could 
bo oosnfcctnrod with enough nitr^lycorlno to plasticine. the nltro- 
oolJLulooo without requiring the uco of vc>-iilo colvant* or lcrrs> 
Moufets of inert plostlcisorsv 

The procc.cs now need for tho nro&uctlan of the solvent I cq o 
propeltart io os fall ore: "Tho nitrosottca is semfeetuved to 

clooo tolarcncoa ec to nitrogen content, finer. , viscosity, 
solubility In ethyl alcoliol rnl ctebility, end is delivered to 
tho fixing operations with e hlfh tut constant aoi«turo content , 

It is then delivered into a Eiatrr tank with n eone agitator cod 
slurried witk ton times its weight of viator, The required trjeti’it 
of nitioglyesrin is introduced into the Blurry threuefc e lead 
distributor delivering it dre prise so it trill be toke* up imed- 
lately by tho nitrocotten# 

n 7h® amdifyiag chcdcnls cro feaneecniaed with *.i tor in a colloid 
eHI to en csrUclon of tho consistency of thieh crown end then intro- 
daeed into tho blurry rrix end ez-itaticasi continued for tborcucJi 
•rdxlng end uniform distribution, The slurry i t* on dewatorod 
In g ceeHrifvsgal urir^r data to SO por cart end tho restarts! ie 
carl dried tos to a noisturo content of 6 to 10 per cent, 
liaeo the nolcturo varies tlirougbaut tho drying container, blends 
of cisoahlo quantity oro made to insure del. ivory of uniform moist- 
ure content mteriol to tho next oporation* In tills blending 
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operation, a socll caaitity of -itej>*oIuble ligrrl1--t la iddad. 

Tbo blonde ute la vici ched lu 0 pound iicrwjonta -Aich arc de- 
livered to 14~in*h by dO-ljch different 1JL rolling illlt boated 
roilc; ne the *tcv la cooVod out, t'* • -serial colloid. . rh* 
aboct ,o deliverol fra* the ;:dll is obo-.it 0.003 inch thic'-, 14 
lac. cct j1 t, n.d 10 foot long. P x) of tho^e sheets cro then cm- 

blnod on m cvan-spool rolling --111 with « aiitfle ohect of raaos&ed 
: .tortal to give a fini the* sheet weichAi*, about 10 pounds* This 
ie ;mm& through & alitSo? T#*ej*e it is cut into strips free *$■ 
to G inches ttMo* These peso to heetod receiving end icu/pootion 
tc.blo end freo there to or ingenious c arpot -roll ing wmifclnt vdiieh 
**•**»» tii ht carpet rolls of the uieraotcr of the press basket* 

, Without remitting the aatorial to loss t<^j®sature it i» 
ctogod into vrswtfc ostrusrfcsa rentes, oil-dreuXio driven sdth 
boertod bac!:ot3 end. Tietcavjeehetcd dies, end OGctmjM into the 
dooirod alsepe for final imo under a pro&ouro of about G,0OC pound* 
per oquc.ro inch* The ^rwsees are located in basfcproof roars* with 
Ci3 inch reinforced *o»er©te xfolls end are operutsd by refesfte con- 
trol,, Ho operators ere dloroa in tho prose roan during operation* 
nor 1 charge consists of ISO pounds of powder ft e tcrr^T.turo 
of 11C° ?•, with the die touperv.turo held at 120° ?• -Ife* extrusion 
cycle will Inst perhaps fifteen admit©* „ 

'It is cn interest inf fact that the e -oea-see ties of the ©*- 
traded strand will bo larger thin the die -n& t’-e p ■’ohltsn of correct 
die design has been critic cl since the dissensions! tolerances on 
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the product ore of tho order of a few thousendths of Rn inch. At 
the completion of an extrusion, the reel is wltMwwn free tho proa» 
end tho operators rocLtirgo tho prose end cut tho extrudod ctranfi 
into lengths that aro slightly oversize for the final ere in dlnan- 
cion. aince internal fiscuro in tho finished product io detrimental, 
each piece Is then examined by x-ray or \rj a recently developed 
supersonic Covice end all flccarod grains ere returned for raworh. 
Acceptable gra in# arc annealed to relievo internal stress and to 
ctabilizo diriouGicrio after wfeich they ere oat to osieot weight or 
to exact length, cubnittod to various billing, rmehininn; and gaug- 
ing operations and finally peeked in a noisture-t Ight container 
for ohiiment • This latter I’equirenent cones from a necessity to 
use this olraoGt oon-hygroocoplo material at a moisture level well 
below ito ocuiiroriim point. Tor the cere reason , almost, all oper- 
ations oro conducted in air conditioned roans. n ® 

Early in tho production of solvcntlosa povder it vthb found 
that under certain conditions some erratic results were obtained* 

A study of tills problem led to the discovery of tho very interest- 
ing phenomenon that partially burned propellent ettchs showed fissures 
cm ? r/orrholce” , both evidences of uneven burning* It -can found ' 
that this erratic burning could bo reduced by exposing the border 
cheats to the sun* The per, odor contained tho ccrma stabilizing 
agent, diphe^Xstdno, end the sunlight, by causing a partial de- 
composition of this confound, darkened the sheets. In order to 
dot amine whether tho color was producing nore uniform performance 
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or Hhethor tliia tmifoxtnity ma duo to oono other c*u-o # : <5cif: •<!£. 
-icat 'i** nClvickl „o tli® .outior qjx^k. tiilja ^*1 v Lo ounnl;* ordtted. 
, *.’2io rccul-s woro even batter tusa thoa© lien by irradl ted i-'ccto. 

'llo (fci ,/X’aZIiJ. rfion oi chi* c* 'Cv.il i- v-^-o the ^o» .. - . i-n 1 "^ of 

■Mfc* " cur* coo .hick la ab^ut .o ourn uxr,t be *-d a >bave 
i-~ liplttyc peine. lliis -j -oc - ilisa.od ?- ir&rily by <>- -action 
end r^diistioc, o l !nwt fra* ^iq flu * jo bo effective in iry 
the roller* tie .Tuition unfit bo abuul^txl, r.i talc, ...: f ryued 
IV the roe cue c ef a ds*ie ijrsnt* In a perfectly trcew>| *rarfc 
profiles!- # t— ;rc could ec no radiation •float* eweror, v-er© 
ire stag* e-all . rticlcn of uncolloidcd mtcrltl® ' .ich .in 
etnerb sufficient fcoct to iasitc tie propellent oil bolas the 
biawtac surface rocwaltiag in t’ac dovoloirrat of ccnll fieewsae 
tMcIi rapidly becccat leaser s -uxainG pra;pa~>occ 0 ‘lose flaeuros 
crorifcaolly ocaturdcaftcs citCi tte jufcilCa o* tno tsraia end increase 
it* jurni'xs area, re- nit ire la tfc* erratic faaetionin*' of ib© roe- 
net* wi i*h« other lisni, the .ncluoien of a pirpaut in tba ropollont 
proveate the .vtfcourfaoe loycrs fro® afeaa*%iag r.-.iuit feect end 
enifom burning is attained* s 

’It Vfi lone box* bno'.ri that oelto of an eUmll aatal edv-oS 
te oasfeclMc perdor tend to &1 t© 9*t*m*& £1 oheo vt^ca fired free; 
cccnoa* It found that the use of cucfc a colt in i\xuct twcptll* 
cats toafi not only to herons® the intensity of the xoe&et flao^, 
but also to iupro?® certain burning c^:.rr-eGOrir.;de: . It is rap-* 
wood tluert the V acfislal effects of i.-eoe ' &lte r- dt fraa iho 
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increased radiant boat of the ?1 : » due to tho vrosonco ot lncen- 
doscont nelt pcrtiolea* In •caercl* not" iuea » ata ere new in- 
oludad In most roclrot propellent • They tiro used for each urposo® 
because of their low hygroacopieity. 

w v,Uth respect to tjo of tlcsjo proponent gxzixxs, it 

is apparent that take pwnruivtmi eyliwiexw m Maintain a ncorly 
cciuvtmt burning area; for *s the oat or rurfooo cron doc raises 
earing burning the surface oi tho perron tie* ttsro gfc t T o center 
of too groin increuseo. Thi* is Oouirablo j* it roaulta in oon- 
•*«** ?Mb«u?e functioning of too rochet • £ elfcatastos inefficient 
ovei^oilsui&g of tbo wtor tuoe b«v«d on s po.1 .-ns- are rather 
thm a constant nwc l rjBU pres ure* Laaovcr, in order to '-»v> tot© 
<^oonoriaally the ape®© uriUhin a eivao ra&tor tube# of at l*m 

eroco-coctions, deeigooft to buan iuaeurd Pros tfestr o iter surf? oe* 

\ 

h£«ro been developed* .life any doedgs. of an Xx^rd burning c»in f 
it cea be g©mmt*i#aily ©bo*® tha$ Ww burning era . naot c-©c*»s»* 
so unrestricted buialng; pro&rt^ce®. in order to avoid regressive 
bm^ilng* it is nece®cury to inhibit certain worfoco mu of tills 
fotsa «C proponent# fbio is aoeuL^licjcd by ev/orir,. if e*o rojss 
^ith m inert or very alow burning ssdlK^ial* 

“Along with tho devedo^jent of propellents for rochets, c&- 
VS23COU were kso£o i* **$ field of oSmtleel ^ndyrio rrsfi toate* 
quantitative and qualitative enaly-ir of the of pro- 

ponents I bp ohraTRtogrsphio separation no been deployed to n 
high degree, end stability tea -.3 Leva been devised id 1 *orvod. 
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Chvcnetapreptii© analycia » as crl'in-ted by a nuauian botanist, 
owofctj in 190G • Eocouso this ©athi'd of oiwly^i# is sot^oKhat icw 
uouol f a brief description will be of internet* ?he nothod io baaed 
on the captreticoci of ti.o c^ctltuorts of *; eolation by ito unidir- 
ectional floj ^n'ouch a ecl*^ar» of ' rr -bent . Ike cb^onotoyr^hie 
co linn is fossa* by o' t:-o into o con- 

vaaieat-ei^sd oylin^ic. a t 2. *vr tJ o, n t-ver; wo oi -e tuNs being 
about one inch in Oa— = iiuy >3. .or !:• L**s x - „ vfee ed*orTv*«t 
io po. C.-. 0 & by *tr 1 ^, . nation into * - ill 1 ’ co" 1 rostief* '*» a Pluc 
of cotton is tho oottoei or tins tube. 

u tM*B the colossi 2n.c >oji to- % the ^rturo to bo analysed 
is dissolved in c nxll vol*. to of / *no z®2 eotod solvent f>m wtiidi 
the substances will bo aflaosfcad* The roluti'^n Ip oou*©* 

upon the edoorucah asad drsaa 'Jjr c^timran suction into the eolira* 
Upon the ^ absonant i*UitS.xa of .*• of the /rr*© or of a dif- 

ferent. solvent * the aOoarbod < fwrtoflsor rlcs-rto -looly ct rates 
uhich consul upon their re,, eeiive «>4«aeyW'm tiff initios, bon 

the procedure is cccplctoa the v»riofl» tnlwtm *?-c distributed 
throUtJ^x>ut the cusjrtc'ifc in ! ~ o^io* of ■ ’Oll—Ao.f 5 nod eons* , ©op- 
erated £wem each etfeer "r/ prrtle-ne of the colurn. which nr© free 
of etbarbed t tcrial* ..ha no«t otrenrly adsorbed eub-tnneo t,lll 
bo no^o.t the toj »nd the n*>-t waStly ad a pgbed nearest the botten 
of the colirn* 1ft cr ranorsl of *!*.o col-ryi fy» the tuba, th® 
various Bonos ere cut fr.tr, tho eoltm n& the individual aonae 
cro transferred to scjcrKt© £1 «fco rnd covered -rlth on duties 














































* 











































19 . 



oeanfc raaovo* the edsorted Material frees tbo adsorb©: t, Tbo 

»a*tiltia® .'oluti'xi ia tod frcn tb* WtetMdMRt by filtration. 

"ABWNP ©th©S* W<S • , ©br©f •tOTTr'^Mo .Ixi Vo* b©<_ 0<* 

pa? 0 ' t v^’na in ntobility stv^i** of — •© "■’ X«aci4 , c 'ro'tition 
of a uropallent rw b# nec3vred by the ■ tamir.itio : o -• n^a 
In ito ctebil ia«r. The wt^MMzcr is --vu«l 1 ly T^rooent to 1 '• ox- 
teat of about 1 • p s©r cr-'t , and obrioii^ly *to ©c ■ .-dtion * * lucia 
w»Ot b© hard to e^crcto end analyso* «-*t isrot &cr~ 

ivotivos of diW'OnTl.oriiBO Isot© been sop'-rato? by clu?x^boor* ,,, r'ViG 
osose, wad considerable infosyticn lies ofctat'vsi to r£* -? the itbLla. 
im of pollan ngeino,"^ 

Jnokelcea pooler !• not oeiey to ignite; neither shoes- noj? 
boat will easily initiate bwolnp. Isoweror, the oro?ell« 5 t af 
a rocket mat bo consistently n<3 c<- yaetoly i^nttei within a 
vary fm milliseconds, ' rjeh iryiition la ©rticul*K*ly 
rfiea roo’>®ts ear® tired from beec^so mb er» roci^bl© doltpr 

in rotting the rockets Gray ■ wold c nan® the rotfent to ovwre t 

o 

its target. 

To ignite tho rockot propellent properly, bl.-ek pwftor in 
a container within tbo rocket metor is inflated by tbo * *t% fren 
cal lectric oquib, The bleak powder ia v^roocopie ; to -sop it 
dry for proper functioning, it wet be so* led in a noi«ti^*o-»proo? 
container. The first Htnry igniters employed a contain*** rede of 
braoo criopei eve? a cellulose acetate cover* Jt m found dif- 
ficult to fom a petraenont water tight g*\ 1 between t*-o i»r^»a rncl 






it 



to «r. 









# • 



« to 



- 



*n 













^ Mt 



• r • 



m *t • to< 



t<-* 09 <4* n 



A 













I toi# 






20 . 

tl» ploctic. later, icaitora iasr© mldod entirely of ctollulooe 
acetate threads molded directly into tt r c error end the caeo. 
'IMg, with tbo Vigo of eerent, -rorided a tm-jg, tortiebt, ccrovr 
fit. It thus found, iKxrmro r, that the collul *o -et'to ..boorbed 
lea>' , o cuantiticx of nitroclycorino from tbo prcyolisat >ud ooftooed 
oorsidt:.' bly„ ftets were conducted cn various piestie coj.^ocltiona 
to find a cuituble mtoricl w&Ieti had low nitro'&yeorlro' absorption. 
Certain ethyl cellulose fewssltticsie roro found to have this de- 
sirable property, end this .material has now repic^M o ' of the 
cellulose acetate, nothor Entori^l vuShich fr ee ecno into i. ’o ns© 
for icnitcr eases in tla-plnted sheet isot®!. 7 

Ifficulties with sea* of the first igniters were traced to 
the uio'c-lifee action of the fabric insuletis® on the lo^d '''ires 
corinc frem the squib. l&ietur* traveled throuch tho 
izsto tbo notch composition of the squib *,u& de -enoit.tr l it. This 
corrected by tfco uso of © plastic inrulatien. 7 

'•in 3WU JCT ItSRS 

Tho thro© types of air ctrcea jot en^inoc nro Pliie in raol 
re^ulfswimts* It is necessary only that tbo fuel ^ossos-g hl-*i 
hoot ire; yelue *jvi that It be capable of boitjs fod continuously 
to the ©wfcustios none. Ptsettcally, this noons that tbo fuol 
ssust bo liquid union the conditions of u»o. Tha feedinp of solid 
fuel, cyan in finely divided powder fora involves ocrylicstitic 
jssehsni an; ecsem faolS wfc£y le^cc volume per poirxi 

or per ho^t unit, Tools that cro cooes at o ivlln ry t h ires 
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cod pressures ecu be u«e& in liquified :‘onn provided the weight 
of tho container noocv^cry to hold tic* is sot too cp?©et for proo— 
ticol poppeeee. 'V-a® era t\o only vtiiluc! criteria in fucli^ Jot 
Stas* * fcay ^ it ectr^reial 1 + i *011* fL^ce ere, 

of OOurs , o%fc*«r i:Mo.*tio:w .0 donii^l* fra. a practical stand- 
r i it - to bo virtu; I noc<*®« it leu « :otei Ijo ,■** fuel wid the 



prodaste of caubu-ti:*! ,iTb .0 fi-oo frees fU< r ivo niolo® 
fact call s,rOvO tLe joc. 1-nl- , 3-4 wre 01 * 10 , for exs.rlc, cf 

cilitue er of Mdbinoi silicon that ould r-^ct In tiie fl ejo -o 
fom -t.Ji.cn £j a -orlouo drai&'-cC: to ny fuel. rfcber ol«v\rU 
yielding irsilcrly ■-bru/siv© oxides ■ jst bo * »j&ol .1; a > 

trwttly hiefe TOloeltiee i« sloo lxrvaVa * Ifco fuel mot rt=« .in 
11 Kiid at the lew xeuperalarce encountered in fli .sht <rt id#‘i al- 
titude:;, * Iil& re*fuii v x:>nt ie ssot L;; j^ry, but by no uszsub 11 9 
of tic couoeroicl l^ztessb&i faeli-. *«$y flo^ do,-** to tbo re- 
quired tcsporstui® of ~?0° ?, is ehosuc’lcylttlc ©. -jaeoiines nd 
nepthuo, but soos laronon-- 0 t-occoe clue fell or ,-CvUta.ly concpol 
in JLis lew te^ratur® rs*ujc , e " 

ihs flesh point of the i» '—*3* *'«4««V JX d bo «n;-u*£x to eliminate 
In eunvioG f o ftol in ft plan©, "roalino 1* e fi**L point 
beisw uo-Tsrl '0£> .,' eric t* -x^v fere ruU visas it- nee iirrolvos a 
hefcrd of uspio' ion vf.ich itt iKurtlcnilftrly serious in nilitrry plcnoa 
in cxf>ut, Conoo^uenirly tho specif ic-t loss® for fuel *-cd in any 
Jnilitnsy i-lea® call for cs Iiifh flesh point -e pr- c tie obis. In 
jot fuel, this osn be 10 b° ?* If GJ» flndi point is mfo too hi£h 



vxl iu 11 , 0I7 t' . freer© under Qjaeiwtiag cmJitia*; carver- 
c ly, too lot- <, re.xasM freraAae l>oiofc lo-do to tho iaciueioa 
in :-,i or bydr *=no . ich unuidy Icn.or ito a— ’ point. 
II lot i:> r_ii *.sl to volatility u*4 » 10*. '1 nth point la 

-iv _'o-* Lb 3**uor V— or la ition or »i 1 *ju> 1 in » e* rt/nroter, 
irf-lch io n.w £-l-~3o fj Jot <52£iaOt. 4 



T2i© cri. i>sr*o:i o» - cl m fuel ^fciet> ^um- ri-iioot soaoilor- 
t lo 1 Cwi, 1 J.0 iu oeeily va*„ # bUv too ooullir.fcian or low volatility, 

enl eon o Li£h fl-oCi point it j. n eaeeeeiv'sly low fro®*- 

2 ?ointj i» oa.alie.s eozieiCar^bly x.v.no difficult. to mot sritli 
pv*9ti6»fcl<» itber repuranent UIju© weold peruit .bo use 

of izuiL- q rol«e« of „ ctroleuu products avail. bio, cut 

v.* cur .Marion of tb© tr>o in e. circle fuel jnacitcelly requires 
th.t it lo ot'.p€ci.clly roJin-i for the pwv*-e end ties ^±m it) 
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;ioo ueeentiUL to tfce effioleney of o fuel in ^ casinos • 
of psxwoet design ie tie ability of the fool to bum in allot© 

Ei::t *rc : rdth t! 0 lerco volu^s of air iuocU aVciy eauL-j&tili© 
subston«e r© fair? - c definite proportion of cir for ita complete 
bor^iz, v.., »& 5 .t Yij.il Iwrtm in nixiuinos bctf-i rooro ooueontrotcl end 

rsoro dilute t* u tfeo ileal* ouivlAe a definite cheiae tesp- 

letic r- £0 of <meeetratiocMi # it *ill o*t btea t oil* Cfee re- 
quir®iont of bi;:5i dilution io keep t_ yarafoasw in jet casinos 

Xiritft us bio fool to tbevae 0 jell© of * urniuc at dilution© nec- 
esecry to cast to eperatur© restrictions. bile tbie odd© to the 
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ooetfloxicy of the fuel yroblera* it ntill leeroe a f.iriy wide oel- 
oo t ion CTnllcibl© to tho eucinoer in hie effort 2* to proiuo© actio- 
f r crfcoiy fo«l for nlz strosLi jot aminos* 



irogr©-** in the Oe/elopuest of fuel for uoo in turbojet onclnoa 
hoc boon cads puolic by hell Oil Caw, Ino* # viiieh i-'-s a leb- 
oratoof’ devoted to thee© prehleme et 'ood Hirer, IlliaoiB. 

Uc5»o f*as a reeesnt resow relo^-o ©re civea below; 

"E* chief difficulty with the m& turbine is, of course, 

-to very heavy fuel oeaBraptioo, Che efficiency of asy hoefc encia© 
depends on tho range of tccjc^ature throat whleh it ceu operataj 
cud* unCortisaately, the turbine crusaot at present hcrdle a iuipor- 
cttn*o ctjoL in excess of 1200° 1?* In order to bring tho icr^rcture 
Com to that level* * 3 © bore to supply © very lej^jo encunt of exeee* 
air* end nine© considerable tsnorgy is ro<&ii»a to introduce into 
ths ©esafoiwtlon chw&er, thi© aeboo for loss over-all officiants?, 

,f irhs co© turbine •. oasrtlly burns © hi£h«GOo£$ boro*>ne # end 
although its roqeiraaonts my not be os restrictive .. tho 10 of 



the present hich-outpnt picion onlines , 



ii «ill ucvcri!:o;ierjo pro- 



sent arables*© of conbuotion and headline* 



ny old fuel villi olnoet 



certainly not do, because the wrung fuel will soot or cole th© 



oedboetion. etatiber sad Ispuir tho over-all efficiency* 2t ;.ill 
also reduce tho life of the chcrixrr, a vo.y Important point if 
tho -• Iruroiac is to tale its xichtful ^Laco in coc^etitl^ ecu- 
Doreial serTic- . 



r In Ties 7 of the relatively high fuel consumption of tLo tur- 
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bine, tb® oil cecspenios have oauso to invest icete the possibility 
of profile Ins a fool with a very hi£h calorific value per init vol~ 
un©, sine© w® eon deal nore rowdily with wcii^rt tb«* with bulk 
In the nodara hicb-spood airplimo, Itofortunately, problac® in 
handling, such ca low-tcnporcturo viscoalty end froeaing point, 
lir.it us in this direction. In view of nil factors involved, 
it cocoa likely that a light kerosen© will turn out to bo the most 
ootlcfootory fuel for gas-turbinod eircraft, delivering its power 
either through a propeller or • Jet or « combination of both, 

•It should not be imagined, however, that cas-turbino fuel 
idll nee oc eerily b© cheat niioa delivered into tho aircraft, It 
is tro© tbst tho prioo of kerosene is considerably loss thm that 
of lor-octen© gasoline ot the refiner:/. But the shipping end 
diotidbution coots of kerooono ere likely to bo much higher boeause 
of its smaller volm®, oo that tine final prioo of tho T-orooono 
go it is .pimped into the aircraft nay bo only slightly lower then, 
that of gasoline, 

"There i® also e tendency to ovor-a i^icoiso tho relative safety 
of kerosene over gasoline. It is true that kerocona will bo cate 
to many respects^pertieulerly in the rate at which a tiro spreads, 
once it is started* However, fcorooono is oesior to ignite, end 
a gas turbino has r/sny mro hirh-tonpoi^ture eurfosos from which 
ignition con start then a piston ©nr*i ns* Tbuo it is quite possible 
that there would bo a greater incidence of minor fires in a Jot 

Q 

aircraft, although, probably a crsoller incidence of serious once** 
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/JX of Ihe in-or^uijn contained In tLi< •. y i of .2 un- 
©luajiiica QA'.nro, V a to ti« jw^U* ' v sko U* . 

•‘.jiart ~ fc t'aoj* I® vor/ jproi - jIo i cotxiuor-ibl# 

- T ^ n®c>- ~j-» -‘i- xo. O' «k-c* mi.it, i'uo] . Top 

fr- r-o^ioa a.-* aoi ?ct > an rtils*** >y ik*. • II Mil j© 
i-ntere^i^u jo cfcwsrro 3 t i_ • .y ■ s, J0 l«- •- 

tasa vi. /’ to x»*» in lio f^uro. 
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